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Lagrangian formulation of free massive fields corresponding to irreducible representations 
of the Poincare group of arbitrary integer and half-integer spins in three-dimensional space- 
Q\ ■ time is presented. A relationship of the theory under consideration with the self-duality 



equations in four dimensions is discussed. 



1 Introduction 



A purpose of the present paper is to give a Lagrangian formulation of free massive fields 
corresponding to an irreducible representation of the Poincare group of an arbitrary integer 
(bosons) or half-integer (fermions) spin in the three-dimensional space-time. An interest to 
lower dimensional models is due to the fact that these relatively simple theories serve as a 
polygon for study of more realistic models in higher- dimensional spaces. Also one can hope 
that such models can describe real film-type physical systems. 

After the classical work by Fierz and Pauli [p]], there was a great number of papers in 
which gauge invariant actions were formulated for massless fields of an arbitrary spin in any 
dimension |2] as well as actions for massive fields corresponding to totally symmetric repre- 
sentations of the little group in dimensions D > 4 |]. In the work [Q, it was demonstrated 
that the actions for massive fields in D dimensions can be derived by means of the dimen- 
sional reduction of the actions for massless fields in D + 1 dimensions. This automatically 
gives rise to supplementary fields necessary for the formulation of a local action. A straight- 
forward application of such a procedure to a derivation of the actions of massive fields in 3 
dimensions via reduction of the gauge invariant action in 4 dimensions 0, ||, [7| §, |9| faces 
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however the following problem. Gauge invariant actions in 4 dimensions describe fields pos- 
sessing two helicities (these fields can be interpreted either as Majorana fields with two values 
of helicity or as Weyl fields and antifields, each having a fixed value of helicity). Dimensional 
reduction to the three-dimensional space gives rise to an action which describes a field with 
two values of the (2+1) -dimensional spin, which therefore constitutes some reducible rep- 
resentation of the (2+l)-dimensional Poincare group [PI][] . Since it is impossible to build a 
local action in four dimensions which describes a self-dual field possessing a unique value of 
helicity (i.e. Majorana- Weyl field), after dimensional reduction 4 — > 3 it is still necessary 
to carry out an additional reduction which leaves a half of physical degrees of freedom if one 
wishes to have a physical system which corresponds to an irreducible representation of the 
Poincare group in 2+1 dimensions. 

So far the actions for irreducible massive fields in (2+l)-dimensional space with spins 
s = 1 |0, |EJ 0, s = 3/2 |§ 0, s = 2 @, [T7| and s=5/2 [0, [T§ have been constructed. 



The formalism which we apply in this paper for the Lagrangian description of arbitrary 
irreducible representations of (2+1)- dimensional Poincare group is related to the reduction 
to 2+1 dimensions of the vierbein-type variables introduced for the description of massless 
fields of an arbitrary integer M and half- integer H, EI spin in 3+1 dimensions. For the cases 



of spins 3/2, 2 and 5/2 we reproduce the results obtained in [ 161 , fi~4}| and Hl8| , respectively. 



A structure of the paper is as follows. In the section 2 we summarize the main notations 
used throughout the paper. In the section 3 the actions, which are of first order in derivatives, 
are constructed for boson fields of an arbitrary integer spin s, \s\ > 2. In the section 4 an 
analogous problem is solved for fermion fields of an arbitrary half- integer spin s, \s\ > 3/2. 
The conditions on the parameters of the model (i.e. sign choices in front of the kinetic and 
mass terms in the action) which follow from the requirements of boundness of energy and 
positive definiteness of norms of states are derived in the section 5. In section 6, an action 
is presented for the bosonic case of integer spin s, which is of the second order in derivatives 
and describes the both irreducible representations of the (2+l)-dimensional Poincare group 
for a fixed value of \s\. 



2 Notations and Problem Setting 

Our field variables include the fields X^t n ) = ^...a, an d ^d a (n) = ^u|ai...a„' which are totally 
symmetric in spinor indices (/x, u, . . . = 0,1,2, a, (3,... = l,2)f|. Also we will use the 
shorthand notations A n and h™ for these fields. Vectorial indices are raised and lowered as 
usual by virtue of the metric tensors rf v = r]^ = diag(+, — , — ). Spinorial indices are raised 
and lowered by virtue of e a p = —e^ a and e a/3 = —e 130 , E\ 2 — s 12 — 1: 

A a = A^e^a, A a = e^Ap, A a B a = ~A a B a . 
The Lorentz transformations of fields h™ and A", which correspond to the transformation 

* Greek indices from the first part of the Alphabet are spinorial while Greek indices from the second part 
of the alphabet are vectorial. 
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of the coordinates dx^ = uj^ u x v , = —uj u>m } have a form: 

I ^ ft 

Here = d/dx p , e^ V(7 is the totally antisymmetric tensor e i2 = £ 012 = 1, while e^ a p is a 
set of three real symmetric matrices which are defined by the relation 

and satisfy the following useful identities: 

(in the section 6 we will use a special realization with e°' Q/ g = 5 a p). We use the following 
convention [20] : 

Ak+l rjm+n — ^ \ * /\k+l r>m+n 
a(k)f3(l) a(m)7(n) — (~ik a il ...a ik /3(l) «; ...a; m 7(n)' 

k+m 

where the summation is carried out over all C£ +m combinations of indices ati (A + and B m+n 
are symmetric with respect to their spinorial indices.) Also 

An+ma(n)/3(m,) r>n+k+l \ 1 An+mai...a n (3(m) rjn+k+l 

n n a (n+k) 7 (l) - n ai ...a n a(k)y(l)> 

/\n+ma(n)/3(m) r>n\+k /~m—n\-\-l Jti+m«(n)(3(m) I rjni+fc /~m— Tli+i \ 

71 n a(n 1 )- r (k) Ly a(n-n 1 )S(l) ~ 71 \ n 'a(ni)7(*0^ ' a(n-ni)5{l) ) • 

The Casimir operator of the Poincare group (the Pauli-Lubanski scalar) W, 

W = ^ £ ^ Mua d„ 

acts on according to the rule: 

(Wh n ), H n) = erd,K Hn) + -e^Jd a h; Hn _ lw (3) 

Its eigenvalues ms determine a spin s of a state with respect of the Poincare group while m 
is a mass of a state which will be always assumed to be positive. 

A field hp describes a single (highest) spin ±(iV + 2)/2 if it satisfies the conditions, 

eV^iV-ib = ( 4 ) 

(which implies that the field hp^ai...a N = (V^e^'/Si^^La «iv * s sy mme tric with respect to 
all spinor indices) and, e.g. 

u v n cr\a(N) = zn " b ' h n\a{N) 

which implies that the field h N+2 satisfies a Dirac equation with respect to each spinorial 
index. 

Our goal is to derive an extremal principle which gives rise to the equations (U), @ and, 
may be, to some dynamically trivial equations for supplementary fields. 



£ u Ua 9 1/ h^ a(N) — ±mh^ la(N) (5) 
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3 Boson Fields 

In this section we construct an action for boson fields of an arbitrary integer spin s, \s\ — 
(N + 2)/2 > 2, N > 2 - even. Let us start with the action: 

1 N N 

Sb = -y: e»^s aW + t £ ^^^i Q(n " 1)/3e ^ 7 ^i a( n-i )7 + 

Z n=0 Z n=2 

iV JV-2 

-I- m h p^ a 'h n , a ^p i ,^h n ~ 2 +m V A" +2 P M|a(2) J,na(n) ffi^ 
+ L °« £ 'VI e ^|a(2)'V|a(n-2) + 2^ A a(n+2) e 'VI ' ^° ' 

n=2 n=0 

where summation is carried out over even n. Boson fields /i™, A n are real. From the require- 
ment that the action has to be real it follows that the coefficients £ n , a n , b n should be real. 
We assume that £ n = ±1 that can always be achieved by an appropriate rescaling of fields. 
The action (|6]) is invariant under the Lorentz transformations ([ID, @. The problem consists 
of choosing such coefficients £ n , a n , b n that the extra coefficients of the field (including 
one of the highest spins) vanish as a result of field equations, as well as all fields h™ with 
< n < N - 2, and A n , 2 < n < N. 

The variation of the action with respect to A™ gives the constraints 

e^(2)^K„) = 0, 0<n<iV-2. (7) 
From (^) at n = it follows that 

K = 0- (8) 
The variation of the action over h™ gives the equations of motion: 

Z n e^d u h n aHn) + (1 - 6 nfi )ma n e^e ul JK Hn _ 1)p + (1 - 5 nfi )mb n e^ e vW{2) h^ n _ 2) - 

(1 - 5 n , N )mb n+2 e^e^K+\ n+2) + (1 - <W)™^^+ 2 +2) = 0. (9) 

Let us contract the equations @ with and exclude derivatives of all functions /i™ in 
the resulting equations with the aid of (|]). For every n one is then left with some terms 
containing /i™ +4 , h™ +2 , h™, h™~ 2 and h™~ 4 . The coefficients in front of /i™ +4 and h™~ 4 vanish 
identically due to the properties of the matrices and the antisymmetrization over vectorial 
indices. A term with h™~ 2 vanishes as a consequence of the constraints (0).Q As a result one 
derives after some transformations: 



2&a 2 b 2 e^hl H2) = -e^dX(2), (10) 

h ft n U + 4 < n \^n 2 )h n + 2 4- 

On+2 yc, n a n — ~ ^n+2a n +2 J & ri a \a{n+2y 

2 2 2n(n + 3) 2 \ . « 

£ n a„ + 2£„_ 2 O n — 7^ ^ ~rr^ — ^y£n+20 n +2 I e a " CT |a(n-l)/3 + 



^Note that at this point only one of the constraints is really necessary, namely (|J). For n > 4 the 
coefficients in front of ft.^~ 2 vanish provided that a n have a form (|f2|). 
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2Zn-2b n K {n) + ^(1 - 5 n , N )e^d,X n a ^ +2) = 0, 2 < n < N, (11) 

where, by definition, bx+2 = 0. 

Let us require the coefficients in front of /i™ +2 and /i™ in ( PI ) to vanish: 

n + 4 

in^n —£ n+2 a n+ 2 = 0, 2 <n < N, 

n + 2 



A solution of these equations reads: 



«n - ^n(-i) e, b n - -e„_ 2 en 4n(n + 1) , e - 1, 

where we have chosen a normalization = (— l)( iV + 2 )/ 2 ) which can always be achieved 
by virtue of some redefinition of the parameter m. In the section 5 it will be shown that 
the requirements of boundness of energy and positive definiteness of the norms of states is 
satisfied only for 9 = 1 which condition is assumed to be true from now on. The condition 
b 2 n > gives U-2U = -1, i.e. 

£ n = (-i) (n+2)/2 £, e = i, 

so that one finally gets 



tin = ("I 



) ( " +2)/2 e, a n = (-l) ( " +2)/2 ^, 6n = ^ 



n + 2' n 2 \ n(n + l) 



(iV + 2) 2 -n 2 



(12) 



Any other choice of signs for b n can be compensated by a simple field redefinition. 
Setting n = N in (|TTD, we obtain 

^a(N) = 0. (13) 

Setting then n = N — 2 in flllD and taking into account fll3|) , one gets 

x^- 2 - n 

A a(N-2) ~ U ' 

etc. 

Finally, from (|TT]) it follows that all Lagrange multipliers vanish as a consequence of the 
equations of motion 

A" (n) = 0, n=2,...,N. 

Let us now analyze the equations for h™. 
Let N = 2. 

The equation of motion @ at n = (taking into account (||)) along with the equation 
(0) give 

e^e^hlw = 0, e^W/i^, = 0, 
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that is equivalent to the condition ([|). The equation of motion @ at n = 2 has a form 

^dX\a(2) + Zme^e„ ]a % ap = 0, 

which is equivalent to (|5|). 
Let N > 2. 

The equation of motion (§) at n = (taking into account (||)), the constraint (|7]) at n = 2 
and the equation ([It]) give 

^H^K.) = 0, e^ a{2) hl H2) = 0, e^( 2 >/^ |a(2) = 0. 

It is not difficult to see that from these relations it follows that 

Next, let us assume that it is shown that all h^, 2 < k < uq < N — 2, vanish as a 
consequence of the equations of motion. Then the equation of motion @ at n — no along 
with the constraint (0) at n = no + 2 give 

ui/cr «(2).n +2 _n p\ ,„.?,™0+2 _ n 

£ e H "-<7|a(n +2) - U ' e a(2) /7 - At |o(n +2) ~ U ' 

from where it follows that 

h 7\a(n a +2) = °- 

Thus the equation of motion (|]) at n < N — 4, the constraints (||) and (^) along with the 
equations (|1^) give: 

^ ( „)=0, n = 0,...,JV-2. 
Finally, the equations of motion (||) at n = N — 2 and n = N give: 

e^l^/i^ = 0, (14) 

+ Hme^e ula % a{N _ 1)f3 = 0. (15) 
The condition (|14|) at A^ > 3 is equivalent to the condition (f|). As a consequence of this 



condition the equations ( |I5D can be re-written in the following equivalent forms: 

erdX\*(N) ~ £rnh% a(N) = 0, (16) 

From these equations it follows: 

(V+m 2 K HN) =0, U = dl-dl-dl 

(Wh N ), HN) = m (e^) K la(N) . (17) 

As a result, the parameter m coincides with the rest mass while from ( |TTD it follows that the 
field h* has a spin f (JV + 2)/2. 

Thus it is shown that the action (|J) with the parameters ( ]T2"| ) describes a spin £(AT + 2)/2 
irreducible representation of the Poincare group in 2+1 dimensions. 
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4 Fermionic Fields 

In this section we derive an action for fermionic fields of an arbitrary half-integer spin s, 
\s\ — (N + 2)/2 > 3/2, iV > 1 is odd: 

• N ■ N 

1 1 f-TYl 

C C r-^ u<J h n a ( n ) h n i bo " u \ ~* ^fiua a(n—l)P„ 1 U n _i_ 

^F--2^^ £ %\ d v h cr\<x{n) + 2s e H/» Ar[a(n-lh+ 
Z n=l Z n=l 



TV JV-2 

im 

n=3 n=l 



EJ, p ^<ryna{n) ln ,h n ~ 2 4- im A n+2 ^l a ( 2 )/, n , a ( n ) 

Onfc fl M | e ^|a(2)« (T | Q ,( n _2) + 1171 2^ A a(n+2) e ">| ' 



where summation is carried out over odd n. Fermionic fields h" and X n are real as well as 
the coefficients a n and 6 n , £ n = ±1, e = ±1. 
The constraints have a form: 

e^a(2)K Hn) = 0, n = l,...,tf-2. (19) 
The equations of motion are analogous to the equations of motion for the bosonic fields: 

U^d u h n aHn) + ema n e^e u ^K^ {n _ 1)p + (1 - 5 ntl )mb n e^ e vH2) h^ {n _ 2) - 

(1 - 6 n>N )mb n+2 e^e u ^h^ n+2) - (1 - ^)me^ 2 ^+ 2 +2) = 0. (20) 

Analogously to the bosonic case we contract the equations fl2~0|) with <9 M and exclude the 
derivatives of all functions /i™ with the aid of (p0|). In the resulting equations at fixed n the 
coefficients in front of /i™ +4 and /i™ -4 vanish identically while the term with h™~ 2 vanishes as 
a consequence of the constraints (|19"l)fl. As a result one finds after some transformations: 

eh (tiai - ^3%) e CT|a(2) ^| a(3) + faa 2 - l^ftf) C'Aii,, - = 0, (21) 

n + 4 



^n +2 - ^a +2 a n+2 ) e^( 2 ^+ 2 n _ 



2 £„ 2 _u9£ i2 2n(n + 3) 2 \ | p 

^« a ™ + ^™~2°n - ( n+ l)( n + 2 ) W2 n+2 i ° 



2^-2b n K(n) - ^(1 - W^^A^ =0, 3 < n < iV. (22) 

Similarly to the bosonic case we define b^+2 = 0. Let us require that the coefficient in front 
of h% in the equation (|2lf) and the coefficients in front of h™ +2 and /i™ in the equations ( ^2|) 
vanish: 

n + 4 

£ n a n — £ n+2 a n+2 = 0, 1 < ra < AT, 

n + 2 

* In fact, the term with /i™ -2 vanishes without using the constraints because the coefficient in front of 
/i™ -2 vanishes simultaneously with the coefficient in front of /i" +2 . 
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: £ n a* + Cn-2b 2 n - \ w _ \ n , Cn+2b 2 n+2 = 0, 3 < n < N. 



\p a 2 + P h 2 - n{jl + 3) 

These equations are analogous to those in the bosonic case and have the same solutions. Let 
us choose a normalization = (— 1)( N+1 ^ 2 . In addition in the section 5 it will be shown 
that the energy boundness conditions along with the requirement of positivity of norms of 
states demand £jv = ( — i)( N+1 ^ 2 . As a result we have: 



N 4- 9 ( — -\\(n+l)/2 



(N + 2) 2 -n 2 , . 

(23) 



n + 2' " 2 \ n(n + l) 

Similarly to the bosonic case, from the equations (22) it follows that all Lagrangian 
multipliers X n vanish while the equation (|2l|) takes a form: 

^a% fi = 0. (24) 

Let us now turn to the equations for h™. 
Let N = 1. 

For that case, the Lagrangian multipliers are absent while hh a satisfies the equation 



e^d u hl\ a + eme^e ul Jhl lp = 0. 



This equation and its consequence (^4j) are equivalent to the equations (£|), (|). 
Let N >3. 

From the constraint ( |T9| ) at n = 1 and the equation (^) it follows that h}^ a = 0. Then, 
similarly to the bosonic case, one proves that h™ = 0, 3 < n < N — 2. The equation of 
motion ( PU|) at n = N — 2 gives the condition (FJ) for ^ which is equivalent to (|j), while 
the equation of motion fl2~0|) at n = N gives 

^ ua dX\ ai N) + eme^e v]a % a(N _ 1}p = 0, (25) 

from which it follows that satisfies the Klein-Gordon equation with the mass m and 
describes spin e(N + 2)/2. 

Let us note that if the factors of i and e are absorbed by a redefinition of the coefficients 
£ n , a n and b n , then the parameters of bosonic and fermionic actions can be written in a 
unique form: 



Cn = (-1)("+ 2 )/ 2 



(N + 2) 2 -n 
n + 2 ' " n ~ 2 \\ n(n + l) 
n, + 2 N 



2 



exp{nr- 



2 11 
where 

Q>n i^dm £n i^ni b n ib n 

for the fermionic case and 

for the bosonic case. According to the physical arguments explained in the section 5, 9 = 1 
in the bosonic case and £ = 1 in the fermionic case. 
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5 Hamiltonian Formalism 

In this section we consider the limitations on the parameters of the model under consideration 
which follow from the requirements of the positivity of energy and positive definiteness of 
norms of states. As shown in the previous sections, the fields /i" n < N, all Lagrangian 
multipliers A™ and some of the components of the field vanish as a consequence of the field 
equations. This implies that this theory possesses constraints. Since it is non-degenerate 
(no gauge symmetry) the constraints can be only of second class. As shown in pTJ insertion 



of second class constraints into an original action gives raise to some equivalent action. Let 
us use this fact. Also, due to the Lorentz invariance, it is enough for our purpose to consider 
the components of at vanishing momentum (in the rest frame). The equations of motion 
(|r"5|), ( P^D along with the constraints flU] ) (or, equivalently, (|HJ)) give at /x = 0: 

4*(iV) = 0. (26) 

Let us introduce a field (^/^)ea[a 2 ^\a 3 a N+2 = ^ l a{N+2) ' which is symmetric with respect to 
all N + 2 spinorial indices due to the condition (|14D (or, equivalently, (H)). The equation 
( |26|) implies that the field h N+2 is traceless (we use a realization of the matrices e M with 

£0\af3 = Sap)'- 

1N+2 , T N+2 _ q 
U lla{N) ^ U 22a{N) ~ U ' 

Thus, h N+2 has only two independent components: 

~ h N+2 = 2 -^ N+ ^ 2 qi , h™ = 2-^/ 2 q 2 . 
Let us express the actions (13) and (ITSf) in terms of the variables qi and q 2 (using the relation 



UN _ a(2)uN+2 

n n\a(N) — e Ml n a(N+2))- 

Bosonic case. 

Using ^ = ( — l)( N+2 >' 2 £, ajy = (— l)^ N+2 ^ 2 9, after simple transformations one gets 

_ . . 9m, 2 2 . 

from this expression it follows that £ can have an arbitrary sign while 9 should be positive. 
Fermionic case. 

Let us set &v = (-l) (7V+1)/2 £, £ = ±1 and a N = (-1)^ +1 )/ 2 : 

= 2"(9i9i + <?2<?2) - iemq x q 2 . 
It is convenient to pass to a new complex variable 77: 

^ = 4|(?i +^2), gi = ^(^+^ f ), g2 = ~^^ _r?t )- 

In these terms the action acquires a form: 

Sp = iiirffi — mrfrj). 

from this expression it follows directly that e can have an arbitrary sign while for £ only a 
value £ = 1 is allowed. 
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6 Squaring 

In the previous sections we have constructed the actions for the irreducible representations 
of the (2+l)-Poincare group, which can be written in the form 

f 1 
S B = ~V d nV + -ipM N ip, 

in the bosonic case and 

S F = —^/jD^ip + -tpM N ^, 

in the fermionic case, where tp (ip) denotes a set of all fields /i", A ra in the bosonic (fermionic) 
case, Dn is a homogeneous symmetric (antisymmetric) first order differential operator, Mjv 
is symmetric (antisymmetric) matrix which does not contain derivatives. The matrix Mpj is 
invertible both is the bosonic and in the fermionic cases (while the operator Dn is not). It 
is natural to expect that, at least in the bosonic case, the operators ± are square 
roots of some second order differential operator which describes a field with two values of 
spin. As mentioned in the Introduction, such operators arise naturally by a reduction of the 
four-dimensional gauge actions. 

Here we formulate a bosonic action which is of the second order in derivatives and de- 
scribes spin ±s fields, such that the second order operator is obtained by squaring of the 
first order operator. Let us start with the action 

S = -<f(-D N + M N )R{D N + M N )<p = --<pD N RD N <p + -<pM N RM N <p, (27) 

where R is some non-degenerate symmetric matrix. The equations of motion have a form 

{-D N + M N )R{D N + M N )tp = 0, 
provided that the following condition is true: 

M N RD N - D N RM N = 0. (28) 
It is easy to see that for this case the action ((27]) describes the fields of two spins ±(iV + 2)/2. 



The condition (|28f) can be satisfied by choosing a matrix R to be of the form 

R = M^ 1 . 

Then the action (E27|) takes a form: 



S = --<pD N Mj-D N <p + -<pM NV >, (29) 

and one can say that the first order operators in the action (|j) (and (0)) are obtained by 
"extracting a square root" of the second order operator in the action (E9f). 
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An equivalent action can be obtained by introducing the auxiliary fields 00 of the same 
type as <p: 

S 1 = -ipM N {p + -l)M n uj + ujD N ip. 
Performing in this action a field redefinition: 

^=^(^1+^2), u = - ^2), 

one obtains 

S' = ~(pi{D N + M N ) Vl + -<f 2 (-D N + M N )if 2 . 

Thus the field <pi describes spin (N + 2)/2, while the field (p 2 describes spin — (N + 2)/2. 
Let us note that, in the fermionic case, the action 

S = ^•/;. v .\/ v l /; v r + ^M N *fj, r = : L 



which is a counterpart of the bosonic action (|29|), also describes two spins ±(N + 2)/2. 
However, for any £ it is not acceptable by physical arguments. The simplest way to see this 
is to pass to an equivalent action 

S' = ^M N iP + ^//.U v // + nPxe = ^ipi{D N + M N )^ + ^M-D N + M N )?p 2 . 

^ = ^(^1+^2), V = -j=($i -'02)- 

It is clear that for any value of £ the kinetic term for one of the fermions has a wrong sign. 

Let us mention that such a simple decomposition of the action for two polarizations into 
a sum of actions for independent components turns out to be possible due to introducing an 
adequate set of auxiliary fields found in this paper. Note that the fields uj (more precisely 
their part associated with the 1-forms h™i a , n \) can be interpreted as counterparts of the 
Lorentz connection in the triadic formulation of gravity. 



7 Concluding Remarks 

An additional reason why the dynamical systems described in the paper might be of interest 
is due to their close relationship with the self-duality equations in 2+2 dimensions 

which reduce to @ by virtue of the "compactifying" substitution 

^3\a(N) = ) ^3^/i| a (iV) = ^ sim ^\a{N) ) (31) 
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under condition that 3-components of vectors correspond to a second time-like direction. 
Similarly, the Euclidian version of (|5|) can be obtained from the Euclidian version of (p0|). 

Let us note that the set of fields used in the present paper ^u( n ) (0 < n < N) corresponds 
to the decomposition of the fields h^ a(N/2) ^ N/2) (N even) and h^ a{{N+l)/2)6t{{N _ l)/2) (N- 
odd), which were used in || for the description of four-dimensional massless fields of spin 
s = N/2 + 1, into irreducible representations of the diagonal (2+l)-Lorentz group acting 
both on dotted and undotted spinor indices. Also it is worth mentioning that the Lagrange 
multipliers AJV/ n ) have a similar structure in spinor indices (N > n > 0). This suggests 
an idea that one can try to identify them with a component of the 3+1- dimensional gauge 
field along the "extra" time within the dimensional reduction of some hypothetical self-dual 
theory in 2+2 - dimensional space-time. 

Self-dual equations of motion of D = 4 massless fields of an arbitrary spin can be for- 



mulated not only on the linearized level but on the non-linear level too ||22|| . Recently, 
super symmetric self-dual equations for the fields of arbitrary spin have been studied in ||23| . 
In the context of results obtained in this paper it would be interesting to come back to the 
question of a possibility of formulation of a theory of self-dual fields of an arbitrary spin at 
the action level. 

Also it would be interesting to find a topologically massive version of the 2+1 - di- 
mensional theory of massive fields of an arbitrary spin thus generalizing the previously 
constructed theories for s = 1 fl3|, |i~4jl , s = 3/2 |15| , s = 2 and s = 5/2 fl 



The authors are grateful to S.F. Prokushkin for the collaboration at the early stage of the 
work related to the analysis of spin 3. The research described in this report was supported 
in part by the Russian Foundation for Basic Research, Grant N 96-02-17314 and by the 
European Community Commission under the contract INTAS, Grant N 94-2317- ext and 
Grant of the Dutch NWO Organization. 



References 

[1] M. Fierz and W. Pauli, Proc. R. Soc. A173 (1939) 211. 

[2] T. Curtright, Phys. Lett. B85 (1979) 219; 

C.S. Aulakh, I.G. Koh and S. Ouvry, Phys. Lett. B173 (1986) 284; 
A.K.H. Bengtsson, Phys. Lett. B182 (1986) 321; 
J.M.F. Labastida, Nucl. Phys. (1989) B322 185. 

[3] W. Rarita and J. Schwinger, Phus. Rev. 60 (1941) 61; 
V.L. Ginzburg, JETP 12 1942 460; 
E.S.Fradkin, JETP 20 1950 27, 211; 

L.P.S. Singh and C.R. Hagen, Phys. Rev. D9 (1974) 898, 910. 
[4] C. Aragone, S. Deser and Z. Yang, Ann. Phys. 179 (1987) 76. 
[5] C. Fronsdal, Phys. Rev. D18 (1978) 3624; D20 (1979) 848. 



13 



[6] J. Fang and C. Fronsdal, Phys. Rev. D18 (1978) 3630; D22 (1980) 1361. 
[7] B. de Wit and D. Z. Freedman, Phys. Rev. D21 (1980) 358. 
[8] M.A. Vasiliev, Sov. Nucl. Phys 32 (1980) 855 (439 in English translation). 
[9] C. Aragone and S. Deser, Nucl. Phys. B170 [FS1] (1980) 329. 
[10] B. Binegar, J. Math. Phys. 23 1982 1511. 

[11] F. Gliozzi, J. Sherk and D. Olive, Nucl. Phys. B122 (1977) 253; 

J. Sherk, Extended supersymmetry and extended supergravity theory, in M. Levy and 
S. Deser, editors, Recent Development in Gravitation. Plenum Publ. Corp. 1979. 

[12] P.K. Townsend, K. Pilch and P. van Nieuwenhuizen, Phys. Lett. B136 (1984) 38. 

[13] W. Siegel, Nucl. Phys. B156 (1979) 135; 

R. Jackiw and S. Templeton, Phys. Rev. D23 (1981) 2291. 

[14] S. Deser, R. Jackiw and S. Templeton, Phys. Rev. Lett. 48 (1982) 372. 

[15] S. Deser and J.H. Kay, Phys. Lett. B120 (1983) 97. 

[16] S. Deser, Phys. Lett. B140 (1984) 321. 

[17] C. Aragone and A. Khoudeir, Phys. Lett. B173 (1986) 141. 

[18] C. Aragone and J. Stephany, Class. Quant. Grav. 1 (1984) 265. 

[19] C. Aragone and S. Deser, Class. Quant. Grav. 1 (1984) 331. 

[20] M.A. Vasiliev, Sov. Nucl. Phys. 45 (1987) 1784 Fortchr. Phys. 35 (1988) 741. 

[21] D. M. Gitman and I. V. Tyutin, Quantization of fields with constraints, Berlin, Springer, 
1990. 

[22] M.A. Vasiliev, Phys. Lett. B285 (1992) 225. 

[23] Ch. Devchand and V. Ogievetsky, Nucl. Phys. B367 (1996) 140. 



